Eosinophilia of the cerebrospinal fluid (CSF) can be found in various parasitic infestations of the central nervous system (CNS), in inflammatory diseases such as tuberculous meningitis, cerebrospinal syphilis, viral and fungal meningitis, in drug allergies, in multiple sclerosis and in neoplasms, like malignant lymphoma, Hodgkin's disease and leukaemia.'
In South East Asia parasites are, by far, the commonest cause of eosinophilic pleocytosis in the CSF; in the majority of cases Cysticercus cellulosae, Angiostrongylus cantonensis or Gnathostoma spinigerum represent the responsible agents. Whereas the tapeworm Cysticercus cellulosae has a worldwide distribution, the two nematodes are mainly or almost exclusively found in the region of South East Asia.2 3 Eosinophilic meningitis and radiculomyelitis in Thailand '600.8 In 1889 the first human infection with this parasite, then known as Gnathostoma siamense, was diagnosed in a Bangkokian girl.9 Nervous system gnathostomiasis, however, has only been recognised for the past 20 years. 10 Humans may become facultative hosts by eating raw, infected intermediate hosts such as freshwater fish, frogs and snakes. In Thailand at least 36 species of freshwater fish have been found to be infected with the third stage infective larvae. 5 13 If intermediate hosts are eaten by paratenic hosts, such as chicken and ducks, the third stage larvae cannot develop further, but they invade the tissues of these hosts. Humans can also be infected when the paratenic hosts are eaten raw or undercooked. In fact, domestic ducks and chickens probably constitute the most important source of human infection."4
The worm's head is armed by rows of hooklets and the body contains numerous spines. It's length measures 4-5 mm, its width around 0-5 mm. 5 The 3rd stage larvae cannot complete their cycle in humans, and migrate for a variable time causing irritation and inflammation in various organs. Clinically gnathostomiasis causes migratory swellings, creeping eruption in any organ, the most serious affection being the invasion of the central nervous system.5 Angiostrongyliasis Nomura and Lin were the first to report the recovery of the third stage larvae of Angiostrongylus cantonenis, the lungworm of rats, from the spinal fluid of a Chinese patient. 15 The majority of cases have been found in South East Asia and the Pacific islands.2 The most comprehensive clinical and epidemiological studies were carried out by Punyagupta et al, '6 17 who presented the symptoms, physical signs and laboratory results of 484 probable angiostrongyliasis patients. The adults, measuring on average 20 mm in length and 03 mm in width, live in the pulmonary arterioles of rodents, in particular, domestic rats, the definite hosts. ' 20 The records of these 44 patients were studied retrospectively with particular regard to epidemiological features, the spectrum of neurological signs and symptoms and diagnostic as well as prognostic aspects. In all patients lumbar puncture was performed; in those presenting with focal cerebral lesions CT of the brain was done. All sediments of CSFs containing more than 20 cells/mm3 were routinely stained by Giemsa method in order to ensure the detection of eosinophilia in the CSF.
Results
In 39 patients gnathostomiasis and in five angiostrongyliasis was diagnosed. Beside the above mentioned epidemiological and clinical diagnostic aspects, in 16 cases the diagnosis could be confirmed serologically by means of ELISA techniques.
The age distribution is shown in fig 1. The youngest patient was 15 years of age and the oldest 74 years, median age being 33 years. The disease was more commonly diagnosed in males than in females, the male/female ratio being 1 8/1. The mean duration of hospital admission was 9-5 days (range 2-44 days).
The illness occurred throughout the year, and no seasonal peak could be observed. The patients came from almost the entire country (fig 2) , to the northeast from Khon Kaen, to the north from as far as Phitsanulok, from Ubon Ratchathani to the east and as far as Nakkon Si Thammarat in the far south. People of any occupation were among the patients although the farmers constituted the biggest single group with 23 -neutrophils, 29% eosinophils, 20% lymphocytes and 2% monocytes. The paraparesis improved partially within the next 4 days, when the patient again developed burning radicular pains involving the cervical roots C5 and C6 on the right side. A transient sensory disturbance, and in particular mild paresis of right biceps and deltoid muscles confirmed the radicular lesion. At this time ptosis of the right eyelid and mild miosis was noted, and an incomplete Homer syndrome was diagnosed. All additional laboratory examinations did not reveal any more abnormalities. Because of the progression of disease a therapeutic trial with prednisolone 40mg daily was started. Slow and incomplete recovery ensued over a period of 3 weeks when she was discharged home. Case 2 A 39 year old farmer from Pichitr was admitted because of severe throbbing headache, vomiting and weakness of the right extremities. The onset of his symptoms was sudden. On examination the patient was drowsy, showing moderate flaccid right sided hemiparesis. Plantar response was extensor on the right side. In addition, bilateral abducens nerve palsy and right central facial nerve palsy were noted. There was mild neck stiffness. The CSF was slightly turbid, opening pressure 360 mm and there was pleocytosis with 320 cells/mm3, of which 80% were eosinophils, protein was almost normal with 0 55 g/l as well as CSF/blood sugar ratio (08g/l/114 g/l). In blood a mild pleocytosis of 11 700 cells/mm3 was seen, the differential count being 59% neutrophils, 23% eosinophils, 16% lymphocytes and 2% monocytes. CT scan showed an intracerebral haemorrhage within the left parietal lobe and with moderate midline shift. The diagnosis of intracranial haemorrhage due to CNS invasion by Gnathostoma spinigerum 
established; epidemiological aspects (the patient had been exposed several times to raw or undercooked fish within the preceding month) and CSF-eosinophilia being strongly suggestive for it. The patient was put on steroids, and gradual improvement ensued. He could be discharged with nearly normal neurological status. Case 3 A 20 year old farmer from Suin developed 10 days after ingestion of raw fish severe radicular pains C5-C7 on the left side. Accordingly paresis of the deltoid, biceps and triceps muscles set in within 24 hours. The dermatomes C5-C7 became hypaesthetic. One day later this polyradicular syndrome was followed by extremely severe headache, vomiting and drowsiness. On admission he had extreme stiffness of the neck, and he complained of nausea. There was horizontal nystagmus, the cranial nerves were otherwise normal. On the left upper extremity a definite polyradicular syndrome C5-C7 was present. No signs of spinal involvement could be detected. Lumbar puncture showed a bloody CSF with an opening pressure of 280 mm of water, 740 WBCs/mm3 (35% eosinophils). CSF sugar was 0 36 g/l, blood sugar 0 95 g/l. There was mild blood leucocytosis with 13% eosinophils. CNS gnathostomiasis with radiculitis and subarachnoid haemorrhage was diagnosed. Only slow but steady recovery could be observed. Finally the patient was discharged with mild paresis in the myotomas C5 and C6 (left deltoid and biceps muscles). Neurological condition 3 months later, however, was already almost normal. Case 4 A 34 year old farmer from Lopburi was admitted with a 3 week history of headache and intermittent diplopia. For several days prior to admission he had suffered from nausea and he had vomited three times. Slight unsteadiness of gait was noted only a few hours before hospitalisation. On examination he showed partial ptosis of the right eyelid, the pupils were anisocoric (the right pupil was wider than the left), the bulbi were divergent, the patient being unable to produce convergence owing to weakness of the right internal rectus muscle. Upward gaze was completely impaired bilaterally. No other cranial nerves were involved. A mild spastic hemiparesis and hemihypaesthesia was present on the right side, plantar response being extensor. The gait was ataxic. Incontinence of urine was denied. CSF contained 120 WBC/mm3 (39% eosinophils), opening pressure was high with 380mm water. CSF protein and sugar were normal. Only mild peripheral eosinophilia (9%) could be observed. CT scan showed deformation of the left thalamic region with compression of the lateral 3rd ventricle. This lesion was clearly enhancing after intravenous administration of contrast medium. Moreover, a moderate hydrocephalus was diagnosed. Follow-up CT scan, 10 days later, still showed partially the lesion in the right thalamic region; the width of lateral ventricles, however, was normal. Antibodies to gnathostoma spinigerum were detected in serum by means of ELISA technique. A course of corticosteroid was started, and the patient's condition improved markedly within 3 weeks.
These four case reports describe on the one hand the main signs and symptoms, such as radiculitis, transverse myelitis, cranial neuritis, meningitis, encephalitis and subarachnoid hemorrhage. Intracerebral haematoma (case 2) and transitory obstruc- Interestingly, only one of the five patients was a farmer (from Phitsanulok). Three were employees and one worked as a mason. Two of the employees were residents of Bangkok, but both were born in Ubol, where they frequently went for holidays and family affairs. The mason was a resident of this city, too. The fifth patient was a resident from Nakhon Si Thammarat in the far south of the country.
CSF analysis showed median pleocytosis of 2039/mm3 with a range of 8403-750/mm3. Median CSF eosinophilia was 71% (range 35-85%). Protein was only slightly elevated, 0-68 g/l (range 0-45-125 g/l). CSF sugar was low, 0 049 g/l (range 0-32-0-62 g/l) whereas the median blood sugar was mildly raised, 1 26 g/l (range 0-98-1-46 g/l). Opening pressure was on average 280mm (range 210-360mm). Blood leucocyte count was 13200 (range 9800-18400), peripheral blood eosinophilia was 10% (range 3-23%). No other abnormal laboratory findings could be detected.
Case reports
Case I A 23 year old male Thai employee presented with a history of severe headache, mild fever and vomiting for 2 days. The patient had eaten Pila snails on two occasions during the previous week. Neurological examination showed moderate neck stiffness with positive Kernig sign. There were no motor deficits or sensory disturbances. On admission the patient complained of mild photophobia and nausea. Lumbar puncture revealed pleocytosis with 2685 cells/mm3, 85% being eosinophils, opening pressure was 292 mm, CSF protein 0 49 g/l. CSF/blood sugar ratio was 0-32/119 g/l. Blood leucocyte count was 15,700/mm3 with an eosinophilia of 23%. No other abnormal laboratory parameters were detected. The patient was confined to bedrest and put on a 4 day course of prednisolone. The course of disease was uneventful and the patient was discharged without sequelae only 5 days after admission.
Case 2 A 40 year old male Bangkok resident was admitted group.bmj.com on October 30, 2017 -Published by http://jnnp.bmj.com/ Downloaded from to our hospital only 2 days after returning from a brief holiday in his hometown Ubol. For farewell he had been served alcoholic beverages and Pila snails. He complained of sudden onset of severe headache, associated with nausea. There was no fever. A few hours before admission he developed double vision; he was not able to state on which side this double vision had started. On examination the patient was afebrile, conscious and oriented. Mild neck stiffness was present. The most prominent feature was palsy of both abducens nerves. There was slight papilloedema on the left side. No localising signs could be found. CSF showed pleocytosis of 840/mm3 cells with 35% eosinophils, a protein content of 0 53 g/l and an opening pressure of 360 mm. CSF/blood sugar ratio was 0 62/1 46 g/l. EEG and CT-scan were without abnormal findings. Peripheral eosinophilia was 16%, blood leucocytosis 13,800/mm3. ELISA for angiostrongylus antibodies was strongly positive, for gnathostoma antibodies it was negative. The patient was put on prednisolone 40 mg/day. Because the abducens palsy resolved only slowly steroid therapy was continued for 11 days before tapering off. The patient was discharged 20 days after admission with mild diplopia. Half a year later he was seen again at the outpatient department, subjectively feeling well; on careful neurological examination mild left abducens palsy could still be detected.
Discussion
Many helminths have been reported to be able to invade the CNS and cause a wide variety of neurological signs and symptoms. The main laboratory finding was the dramatic eosinophilic pleocytosis in CSF which did not correspond to the peripheral eosinophilia. Thus, in patients presenting with the above listed signs and symptoms, and originating from South East Asia, it is necessary to stain CSF sediment by the Giemsa method in order not to fail to detect the eosinophilia.
Epidemiological factors support the diagnosis of gnathostomiasis and angiostrongyliasis. Most patients were not inhabitants of Bangkok, being farmers. Thus, obviously, consuming undercooked or 86 raw fish, which is practised in many rural areas of Thailand, contributes more to the acquisition of the disease, than the occupation or residence per se. Furthermore, some of these uncooked meals are served as delicacies together with alcoholic beverages. This is a possible explanation for the male preponderance and dominance of the age groups of 20-40 years.
In angiostrongyliasis frank meningitis is the dominant clinical syndrome. Only one patient showed cranial nerve involvement. Neither spinal cord nor intracerebral lesions were seen in patients with this infection. The outcome was favourable in all cases. These results correspond with the extensive study of 484 angiostrongyliasis patients described by Punyagupta et al. 16 The CSF data showed eosinophilic pleocytosis with mildly increased protein.
The difference in clinical presentation of these two parasitic diseases is obvious. Serologic examination'9 20 enables us to differentiate them, when neurological signs and symptoms are not clear cut.
There is no specific therapy for either parasitic infestation at the present time. 2,6 diiodo-4 nitrophenol (Ancylol) has shown some beneficial effect in cats with feline Gnathostoma spinigerum infection, when given subcutaneously in repeated doses.33 No reports deal, so far, with its applications in humans. Thiabendazole has been used in early stages of migration of larvae of A. cantonensis, but this drug fails as soon as the worm reaches the central nervous system. 32 Corticosteroids have been proven in some instances to be effective, particularly in relieving focal neurologic deficits; it is thought that the perifocal oedema might be reduced by this drug and therefore enhance reduction of neurologic deficits. It is obvious that all supportive therapeutic measures should be applied in patients suffering from neurological disease.
The abundance and variety of intermediate hosts are the main cause of difficulty in controlling parasitic infestations, such as these two described species. Prevention depends upon avoidance or adequate cooking of foods such as freshwater fish, snails, chicken and ducks. Theoretically these measures seem to be very easy to introduce into society but it has proved extremely difficult to apply them on a practical basis. The acceptance of health educational proposals imply change of lifestyles and methods of food preparation. Health education is fundamental for success in eliminating parasitic disease.
Diagnoses of gnathostomiasis and angiostrongyliasis are extremely rare events in Western Europe. Increasing transcontinental travel, influx of refugees and those seeking asylum as well as importation of food from South East Asian countries Schmutzhard, Boongird, Vejjajiva demand greater awareness of these parasitic infections even in Central Europe. We are very grateful to Miss Sigrid Permoser for her secretarial expertise.
